I. INTRODUCTION
Battery powered electric vehicles (BEVs) are mostly considered as primarily capable green vehicles due to totally zero emission. Among the important components on an electric vehicle (EV) is electric traction motor. There are four main types of electric machines that potentially can be applied as traction drive in EV such as DC machines, induction machines (IMs), permanent magnet synchronous machines (PMSMs), and switched reluctance machines (SRMs). In electric propulsion system, the most popular electric machine used for traction drive is DC machines due to their torque-speed characteristics suit for traction requirements and no need for complex controller. However, DC machines require high maintenance due to the existence of mechanical commutator named as brushes. Another drawbacks of DC machines are huge in size, low efficiency, and low reliability [1] [2] .
Besides, the most established AC electric machine in brushless categories is induction machine (IM). The squirrel cage IM is well accepted for the most possible contestant of electric propulsion due to their ruggedness, reliability, low cost, low maintenance and capability to operate in hostile environments [3] . Nevertheless, IMs have some drawbacks such as low efficiency, high loss, low power density, and low power factor which are essential for heavy duty applications as in traction drives. Therefore, IM is being abandoned from the EV propulsion system [4] .
On the other hand, SRMs are among the recognized electric machine for traction drives. SRM have several advantages such as rugged rotor structure, simple construction, low manufacturing cost, and high torque at low speed conditions. Nonetheless, their drawbacks of acoustic noise and large torque ripple has prevailed the advantages of SRM as mentioned above [5] .
Furthermore, PMSMs or for the successfully developed interior permanent magnet synchronous machine (IPMSM) is become more attractive and competing with others machine used in EV/HEV propulsion system. Some of their advantages are high torque density, high power density, and high durability. However, due to constant flux from PM the machine has risk of PM demagnetization. On the other hand, the PM presents on the rotor resulting less robust of rotor structure and difficult to manage the temperature rise. In addition, huge volume of PM used in IPMSM will increased the price of the machine [6] . Therefore, in this paper a new 12slot-14pole outer rotor hybrid excitation flux switching machine (HEFSM) is proposed to overcome the highlighted drawbacks as mentioned above. The proposed machine has simple in structure which consists of single piece of rotor resulting for robust machine. Furthermore, all magnetic flux sources such as PM, DC field excitation coil (FEC) and armature coil are located on the stator body makes the temperature rise is easily managed. Hence, the proposed machine is expected can provide much higher torque and power density when compared with the IPMSM that conventionally employed in EV/HEV [7] .
In order to confirm the operating principle of the machine, the electromagnetic fluxes from each component are analyzed. Moreover, flux distribution at various conditions and torque performance are also investigated. This paper is managed as follows. Section II described the design restrictions and specifications of outer rotor HEFSM. The magnetic flux analysis during no load and load condition is demonstrated in Section III and Section IV, respectively. Lastly, a conclusion is drawn in Section V.
II. DESIGN RESTRICTIONS AND SPECIFICATIONS
The design restrictions and specifications of the proposed outer-rotor HEFSM are similar with the interior permanent magnet synchronous machine (IPMSM) that conventionally employed in HEV [8] . The PM volume of the proposed machine is reduced to 1.0 kg, while the target maximum torque and power is 333 Nm and 123 kW, respectively. Besides, the maximum voltage and current of the inverter is set at 650 V, and 360 Arms, respectively. Furthermore, both of the maximum armature current and field excitation current density is set to 30 A/mm 2 . Finally, with the target weight of the machine is 30 kg, thus the proposed machine will having a torque and power density of 11.1 Nm/kg, and 4.1 kW/kg, respectively. In this study, the slot area of armature coil and field excitation coil is calculated using equation (1) From Eqn. (1) and (2), α is the filling factor, while I a and I e are rated armature current and FEC current, respectively. 
III. NO LOAD ANALYSIS

A. Armature Coil Arrangement Test Based on PM Flux
The first step of designing machine is to examine the armature coil phase and polarity on each of armature coil slot. In conjunction with this aim, the coil arrangement test is implemented to confirm the principle operation of the proposed outer-rotor HEFSM. Initially, the polarity of all the armature coils are set in counter clockwise direction, while the DC FEC and PM polarities are set in alternate direction in order to provide 12 north and 12 south poles, respectively. Hence, based on a balance three phase system, the three phases of 12 armature coils are determined by observing and analyzing the magnetic flux linkage on each of armature coil. On the other hand, the armature current density, J a and DC FEC current density, J e is set to 0 A/mm 2 , in which the flux is generated from PM only. From the coil arrangement test, it is found that the armature coils labeled as C1, C4, C7 and C10 represent the V-flux, while the armature coils labeled as C2, C5, C8, and C11 represent the U-flux, and armature coils labeled as C3, C6, C9, and C12 represent for W-flux of the machine as shown in Fig. 1 . Once the polarity and phase of each armature coil has been identified, the three-phase flux is plotted as shown in Fig.  2 . From the figure, it can be seen that the maximum amplitude of generated flux is approximately 0.011 Wb with solidly sinusoidal waveform. Therefore, through the coil arrangement test, the three-phase system of the proposed machine has been determined and verified the operating principle of the machine.
B. PM Flux Path
The no load field distributions of the proposed machine are investigated at four typical rotor positions as shown in Fig. 3 . Obviously, the polarities of the phase FEC fluxes linked in the three phase armature coils are switched according to the rotor positions that realizing the flux-switching concepts.
C. Magnetic Flux Linkage Characteristics at Various FEC Current Densities
The flux linkage of PM and various DC FEC current densities are demonstrated in Fig. 4 . It is obvious that when DC FEC current density, J e start increased, the flux linkage also increasing and reach to maximum when Je set to 10 A/mm 2 . The maximum flux linkage at this condition is approximately 0.051 Wb which is increased more than three times when compared with flux linkage come from PM only. When further increased of Je, the flux linkage starts to reduce and finally when J e is set to maximum of 30 A/mm 2 , the magnitude of flux linkage is approximately 0.028 Wb. This phenomenon is expected due to flux saturation when higher J e is injected to the system beyond 10 A/mm 2 . However, this analysis has proved 
IV. LOAD ANALYSIS
A. Magnetic Flux Interaction
The generated magnetic flux from individual active parts namely PM, DC FEC and armature coil are also investigated and analysed. In short circuit analysis the DC FEC is set to maximum current density of 30 A/mm 2 while for the armature coil is also set to it maximum current density of 30 A rms /mm 2 . At the condition of DC FEC and armature coil only, the PM need to be set as an air. The comparison of the individual flux generated from PM, DC FEC and armature coil are plotted in 
B. Magnetic Flux Characteristic at Various Current Density Conditions
The maximum magnetic flux characteristic at various armature current density, J a and FEC current density, J e conditions are also analyzed. The results obtained of maximum amplitude magnetic flux versus FEC current density at various armature current densities are plotted as shown in Fig. 6 . From the graph, it is clearly shown that the maximum fluxes are increased when FEC current density is increased and reached their optimal point when FEC current density is set at 10 A/mm 2 . Then, when higher FEC current density is applied, the maximum magnetic flux starts to reduce due to flux saturation and flux cancelation effects. Therefore, an analysis on flux distribution at several conditions of FEC current density would be necessary implemented.
C. Flux Distribution at Various FEC Current Densities
The investigation on flux distribution at several current density conditions is conducted to identify the root cause of less performance of magnetic flux. The magnetic flux distribution at four conditions of DC FEC current densities, J e are illustrated in Fig. 7 . This analysis is done at the maximum armature current density of 30 A rms /mm 2 . As can be seen from the results, at J e is 0 A/mm 2 , the flux flows in relaxes from stator to rotor and going back to stator through the adjacent rotor pole making a complete cycle of PM flux. However, at some portion there is flux saturation especially on the region circled by red color of Fig. 7(a) .When low J e of 10 A/mm 2 is applied to the system, more flux is generated and obviously the flux saturation has reduced due to flux cancelation between flux of PM and flux of DC FEC as demonstrated on the circled region in Fig. 7(b) . Hence, when J e is increased to 20 A/mm 2 more fluxes are flow to the rotor as well as on the inner stator back yoke resulting flux saturation between DC FEC slot and armature coil slot as indicated by blue circle in Fig 7(c) . In addition, some of the flux from DC FEC is canceled with the flux from PM at the area indicated by green circle and the remaining fluxes are forced to flow through inner stator back yoke. Finally, when J e is set at maximum of 30 A/mm 2 , the fluxes are totally saturated on the region of adjacent DC FEC slot and between DC FEC slot and armature coil slot as shown by red circle in Fig. 7(d) . Therefore, design refinement and improvement will be conducted to avoid flux saturation on the region as mention above. Ja=0 Ja=5 Ja=10 Ja=15 Ja=20 Ja=25 Ja=30
D. Torque Characteristic at Various Current Densities
The torque characteristics at various armature current density and DC FEC current density are also investigated. The results obtained is plotted in Fig. 8 , in which the armature coil and DC FEC current densities are varied from 0 to 30 A/mm 2 .
The graph show that the maximum torque of 244.76 Nm of initial design machine is obtained when armature and FEC current densities are set to 30 A rms /mm 2 and 25 A/mm 2 , respectively, whereas the maximum power obtained at the speed of 3000 rpm is 83.03 kW. These results indicate that the torque and power of the machine can be controlled by varying the current densities of DC FEC and armature coil.
V. CONCLUSION
In this paper, magnetic flux analysis on a new 12Slot-14Pole outer-rotor hybrid excitation flux switching machine has been presented. Basically, the principle operation, armature coil phase and polarity of the proposed machine have been verified. Moreover, from no load and load analysis, the results obtained show that the output torque and power of the machine is proportional to the change of flux and injected current to the system. Ja=5 Ja=10 Ja=15 Ja=20 Ja=25 Ja=30
